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(54) Determining at least two 
parameters of a patient's 
respiratory system 

(57) The outputs of a pressure sensor 
(5), a flow sensor (2) and a volume 
determining device (3), which may de- 
termine the volume by integrating the 
flow rate with respect to time, are 
connected to a monitoring unit (7) 
which in turn is connected to a calculat 
ing unit (6), and optionally to a storage 



unit (8). During each respiratory cycle 
the monitoring unit (7) supplies the 
calculating unit (6) with at least two sets 
of sensed values of the pressure, the 
flow rate and the volume from which 
the calculating unit (6) then calculates 
the required parameters of the respira- 
tory system. These parameters could 
be, for example, a linear component of 
the airway resistance, a quadratic com- 
ponent of the airway resistance, a com- 
pliance of the lungs, and an alveolar 
residual pressure. 
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SPECIFICATION 

Apparatus for, and method of, determining at least two parameters of a patient's respiratory system 
5 This invention relates to an apparatus for, and a method of, determining at least two parameters of a 5 
• 'tetpara^ 

component of theairway resistance R^he compliance C and the alveolar residual pressure P 0 ^ 
measured parameters could be supplied as input signals to a ventilating apparatus, and could be determined 
10 from measSrements from a pressure sensor, a flow mete, -In a respiratory air passage an6 a corresponds 10 
volume signal provided by a time-controlled integrator which .ntegrates the flow signal. 

ForindSual patients whose respiratory system is to be monnored, in particular pat.ents ventilated by a 
venSSg apparatus, it is necessary to determine continuously and rapidly pneumatic parameters of the 

,5 P tr"eS 15 
indicating automatically the flow resistance Rofthe air in the bronchial PW^ and theda^Eofthe 

pulmonary tissue on the basis of measured values of the respiratory air flow and the change in the 

6 G^aSfSMUwachrift 27 19 900 discloses a respiration-analysis apparatus in which the respiratory 
20 gasZ 1 can be !ZSS by time integration from differential pressure signals and additional pneumatic 20 
narameters such as absolute tracheal and bronchial pressure. ^ . A - 

TeTman 6Segungsschrifts 24 1 3 988 and 25 22 774 disclose methods of exploring the intrathoracic 
hroathina mechanism, and consequently of determining pneumatic lung parameters. 

, K Jll^rumaSng parameters are determined from a curve of measured in*™^^« , n » 

" "German Offenleoungsschrift 23 37 061 discloses another apparatus iuf measurir. a » —p.-— , 

JiunTonS tho 

30 Tie E Se greTtvarlation in the measured values in the respiratory air flow. In the known apparatus, the 30 
pneumatS ^fung paZlrs calculated and indicated respectively are too inaccurate 

^WhTsrequired isan apparatus in which it is possible to determinethe desired pneumatic lung 
tworequ^ 

sensor for sensing the pressure in a respiratory passage through which in use mha at on and/or exhalation 
Sspasses^ 

Snsor for sensmg the volume of gas which is inhaled and/or exhaled; a mon.tor.ng un.t to wh.ch the 
40pess O ureen2 40 
Se monitoring unit; the arrangement being such that, during each resp.ratory ^^XSSSLl 
TorTes the calculating unit with at least two sets of sensed values of said pressure, said flow rate and said 

Tefe^he monitoring unit stores the monitored sets of values in a storage unit, which is capable of 45 



45 



beina Deriodicallv cleared, and which is connected to the calculating unit. 
tXo^ 

time-controlled integratorintegratestheflow rate toobtainthe volume of gas wh.ch is. nhaled and/or 
*n eX Th«calculatina unit can calculate the required parameters from linear equations. 60 
component of the airway resistance; a quadratic component of the a.rway res.stance; a compliance of the 

'Te^ar^ 55 

B5 *Tnta C pptrrstna.soincludeaventilatorcontro..edbyanoutp^ 

th B calculatinqunitcanbeconnectedtotheventilatorbytheindicat.ngand/orcontrolun.t. 

iZ appa^us ca) The tnat. In which at least 50 sets of values are monitored by the momtonng unit durmg 

eo'TheToS^^ 60 
of each respiratory cycle. 



2 
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pressure sensor and the flow seYisor are measured in an electronic circuit, and the volume is determined by 
integration from the flow measurement or by direct measurement. The variables forming a set of monitored 
or sensed values, a monitored value triplet, are available as electrical voltages and are monitored 
accordingly. 

5 In order to coordinate the monitoring or measurement of sets of values with respect to the inhalation or 5 
exhalation phase of a respiratory cycle, the monitoring unit advantageously checks the flow gradient or rate 
of change of flow. If, for a time, the flow equals 0 and suddenly becomes >0, then it is assumed that 
exhalation has commenced, and subsequently in the exhalation phase the necessary number, generally as 
high as possible, of the sets of monitored values p, V, V are stored, values of the rate of change of the flow 

10 which will be rising in magnitude also having to be included. These stored values serve to identify and 16 
distinguish the inhalation phase from the exhalation phase. The maximum flow rate in the exhalation phase 
typically occurs approximately 50 ms after exhalation commences. The monitoring period, that is, the time 
span during which sets of monitored values are stored, must at least equal the time constants of the lungs. If, 
for example, the values for R,, R 2 , C and P 0 are to be determined, then the linear equation system 

15 15 

P, + R, • Vi + R 2 .V, - 1 V,| (V 0 - V,) = P 0 



20 i=* 1,2,3,4 20 

can be taken as a basis, wherein the equation coefficients are determined from four sets of monitored values, 
each set comprising a triplet of values {p, V and V). The linear equation system is resolvable unless in each 
case two of the variables P, V and V are linearly dependent 
25 With this direct determination all measuring errors are processed also, and, in addition to this, calculation 25 
fails if one of the three variables P, V and V is constant. If, however, a plurality, more particularly a 
multiplicity, of sets of monitored values is stored, then the linear equation system specified above can be 
represented as a minimum condition of the square of errors: 



30 



30 



1 = n - 

2 [Pi + Ri . V-j + R 2 - 1 V,| . V, (V 0 - V,) - P 0 F-Min 
1-1 C 

35 t = ti 35 

where V,= J V(t).dt 
t-0 

i = current number of the scanned value 
40 n = number of the sets of monitored values (p,V,V). 40 
Here, 

V is the instantaneous value of the flow 
V 0 is the volume of the inflated lungs at the end of inhalation 
P is the instantaneous value of the pressure before the mouth 
45 P 0 is the alveolar residual pressure 45 
Ri is a linear component of the airway resistance 
R 2 is a quadratic component of the airway resistance 

C is the compliance of the lungs, that is, the reciprocal value of the elasticity of the lungs. - 
After storing the required number of sets of monitored values, the values for R 1f R 2 , C and P 0 , which 
50 should be optimum in terms of measuring techniques, are calculated by the specified equation system from 50 
n stored measured value-triplets, and indicated. The apparatus can indicate after each breath the values of 
R u R 2 , C and P 0 which are value for that breath. 

The flow is preferably measured in the exhalation branch, when separate inhalation and exhalation branch 
ducts are provided. However, measurement is also possible in the inhalation branch or in a respiratory air 
55 passage common to both inhalation and exhalation. 55 
The apparatus is also capable of functioning if the patient is not connected to a ventilating apparatus, and 
inhales and exhales simply by way of a measuring tube, if, through corresponding valve control, care is 
taken that when exhalation commences, P>0 and p drops while |V| rises. The apparatus is also applicable if 
the patient is in a spontaneous or IMV or SIMV ventilated state, and also in the case of PEEP. 
60 In simpler embodiments of the apparatus, if necessary, only two pneumatic lung parameters, preferably 60 
the linear component of the airway resistance R 1f and the compliance C, omitting the quadratic component 
of the airway resistance R 2 and the alveolar residual pressure P 0 , are determined. 

Through measurement, p, V or V are influenced neither during the inhalation nor during the exhalation 
phase. Furthermore, it is not necessary to reach an end exhalation or an end inhalation plateau for P, V or V; 
65 the presence of a linear exhalation resistance likewise does not constitute a pre-requisite for the applicability 65 
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of the apparatus, which can also be used for non-linear exhalation resistances. 
The accuracy of the measuring result increases with the number of the sets of monitored values which are 

scanned or monitored. This number should be increased as the measuring errors in the individual 

determination variables p, V" and V increase, 
s The present invention also provides a method of determining at least two required parameters of a human 5 

or animal respiratory system, the method comprising : monitoring with a monitoring unit the pressure of 
' respiratory gas, in a respiratory passage through which inhalation and/or exhalation gas flows the flow rate 

m£%S* gas and the volume of respiratory gas which has been inhaled and/or exhaled; dunng each 

respirator cycle, supplying a calculating unit with at least two sets of monitored values of sa.d pressure, 
i0 said flowVate and said volume; and calculating the required parameters of the respiratory system forthe 10 

sets of monitored values. , . . . ,. 

Preferably two or more of the following parameters of the respiratory system are determined: a linear 

component of the airway resistance; a quadratic component of the airway resistance; a compliance of the 

lungs; and a residual pressure in the alveoli. , . .... „„ AVn , ,r 

15 Conveniently, the volume of respiratory gas which has been inhaled and exhaled is obtained by 15 

integrating the flow rate of the respiratory gas with respect to time. . , iiic . 

The method preferably also includes a step of determining whether each set of monitored values « 

obtained during an inhalation phase or an exhalation phase, by monitoring the rate of change of a vanable of 

20 th Stb!y.lTngeachrespiratorycycle,thesetsofm 20 
the sets of monitored values are supplied from the storage unit to the calculating unit 

Preferably, after each respiratory cycle, the storage device is cleared so that new sets of monitored values 

'^referabl^tht required parameters of the respiratory system are calculated from the sets of monitored 
->c wall ipc ijsina a least-sauares technique. jc 

' The method of the present invention can be carried out in an apparatus as u e..r.eu aucvo. 

For a better understanding of the present invention and to show more clearly how the same may be 
carried into effect, reference will now be made, by way of example,to the accompanying drawing which 

shows a block diagram of an apparatus according to the present invention. 
30 Aflow sensor 2 is disposed in an exhalation branch duct 1 and is connected to a measured value unit 3. 30 
The f ow senlo 2 senses the flow rate in the exhalation branch duct 1 and providesthe measured value unit 

It^WrvZ"^ ° f the flow variabie V ' and tWS Signa ' iS intC9ra,ed !n meaSUre * 

35 outpu variTble likewise being fed to the measured value unit 3 and being determined as p. Therefore, m the 35 
meLredvalueunitSthevariaU^^ 

fTom a calculating unit 6 provided with a microprocessor, which, by monitoring the magn.tude of theflow 
rate also determines when the desired measuring phase {inhalation or exhalation) commences 
The sets of monitored values, triplets of values, monitored by the monitoring unit 7, are stored in a storage 
40uJt8Th maTlmnumbero^fsSsofmon^ «• 
storageunitS being capable of being cleared. Atthe end of each measuring ^^^^^ 
valuesare transferred from the storage unitSto the calculating unite, t^^'™^^^™ 
equation systems according to a least squares method, optimum values of the required pneumatic lung 
parameters R„ R 2 , C and P c to be determined are calculated, and are indicated by an indicating un 19. 

The exhalation branch 1 and an inhalation branch 10 of the common respiratory air passage 4 are 45 
connected in the present case to a ventilating apparatus 1 1 . 



45 



CLAIMS 



50 1 An apparatus suitable for use in determining at leasttworequ^ 50 
respiratory System, the apparatus comprising: a pressure sensorfor sensing the pressure m a respi ato 
passage through which in use inhalation and/or exhalation gas passes; a flow sensor for sensing muaethe 
flow rate of inhalation and/or exhalation gas; a volume sensor for ^sensing the vo,u ^f ° f ^^'^ '"^i 
and/orexhaled;amonitoringunittowhichthepressurese™ 

55 connected; and a calculating unit connected to the monitoring unit; the arrangement being such that dunng 55 
eaSrespi atory cycle, the monitoring unit supplies the calculating unitwith at least ^vo sets of sensed 
values of said pressure, said flow rate and said volume and the calculating unit calculates the required 
□arametersoftherespiratorysystemfromthesetsofsensedvalues. 

parameter of JJJ ^ c|ajm wherejn ^ monitorjng unit ^ the mon tored sets of values in 
60 a storage unit, which is capable of being periodically cleared, and which is connected to *e calcu a t ng unit. 
3. An apparatus as claimed in claim 1 or 2, in which the volume sensor comprises a t'me-controlled 
integratorconnected to the flow sensor.which time-controlled integrator integrates the flow rate to obtain 
the volume of gas which is inhaled and/or exhaled. »u„,„„.,iroH 
1 An apparatus as claimed in any preceding claim, wherein the calculating unit calculates the required 
65 parameters from linear equations. 



60 
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5. An apparatus as claimed in any preceding claim, which determines two or more of the following 
parameters of a respiratory system: a linear component of the airway resistance; a quadratic component of 
the airway resistance; a compliance of the lungs; and a residual pressure in the alveoli. 

6. An apparatus as claimed in any preceding claim, which includes an indicating and/or control unit 

5 which displays the parameters determined by the calculating unit 5 

7. An apparatus as claimed in any preceding claim which includes a ventilator controlled by an output of 
the calculating unit 

8. An apparatus as claimed in claim 7, when appendant to claim 6 r wherein the output of the calculating 
unit is connected to the ventilator by the indicating and/or control unit. 

10 9. An apparatus as claimed in any preceding claim, in which at least 50 sets of values are monitored by 10 
the monitoring unit during each respiratory cycle. 

10. An apparatus as claimed in any preceding claim, in which the monitoring unit monitors the sets of 
values either in the exhalation phase or in the inhalation phase of each respiratory cycle. 

11. An apparatus as claimed in any preceding claim, in which the calculating unit comprises a 

15 microprocessor. 15 

1 2. An apparatus as claimed in any preceding claim, in which the monitoring unit is connected to the 
pressure sensor and the flow sensor via a measured value unit, which includes the volume sensor. 

13. An apparatus substantially as hereinbefore described with reference to, and as shown in, the 
accompanying drawing. 

20 14. A method of determining at least two required parameters of a human or animal respiratory system, 20 
the method comprising: monitoring with a monitoring unit the pressure of respiratory gas, in a respiratory 
passage through which inhalation and/or exhalation gas flows, the flow rate of the respiratory gas and the 
volume of respiratory gas which has been inhaled and/or exhaled; during each respiratory cycle, supplying a 
calculating unit with at least two sets of monitored values of said pressure, said flow rate and said volume; 

25 and calculating the required parameters of the respiratory system for the sets of monitored values. 25 

15. A method as claimed in claim 14. wherein two or more of the following parameters of the respiratory 
system are determined: a linear component of the airway resistance; a quadratic component of the airway 
resistance; a compliance of the lungs; and a residual pressure in the alveoli. 

1 6. A method as claimed in claim 14 or 1 5, wherein the volume of respiratory gas which has been inhaled 

30 and exhaled is obtained by integrating the flow rate of the respiratory gas with respect to time. 30 

17. A method as claimed in claim 14, 15 or 1 6, which also includes a step of determining whether each set 
of monitored values is obtained during an inhalation phase or an exhalation phase, by monitoring the rate of 
change of a variable of the respiratory cycle. 

18. A method as claimed in claim 14, 15, 16 or 17 wherein, during each respiratory cycle, the sets of 

35 monitored values are stored in a storage device, and the sets of monitored values are supplied from the 35 
storage unit to the calculating unit 

19. A method as claimed in claim 18, wherein after each respiratory cycle, the storage device is cleared 
so that new sets of monitored values can be stored therein. 

20. A method as claimed in any one of claims 14 to 19, wherein the required parameters of the 

40 respiratory system are calculated from the sets of monitored values using a least-squares technique. 40 

21 . A method as claimed in any one of claims 14 to 20 when carried out in an apparatus as claimed in any 
one of claims 1 to 13. 
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